The ethanol extracts of 47 mushroom species from the order Boletales were tested for their free radical scavenging activities by means of the DPPH free-radical scavenging and hydrogen peroxide-induced luminol chemiluminescence assays. In the DPPH radical scavenging test, 26 species gave EC 50 values of less than 1 mg/mL. The highest activity was exhibited by Gyrodon lividus (0.05 mg/mL). However, in the hydrogen peroxide-induced luminol chemiluminescence assay, only 4 species had EC 50 values of less than 1 mg/mL, with the highest activity being exhibited by Strobilomyces floccopus (0.26 mg/mL). When compared with known antioxidants, all the mushroom extracts exhibited relatively low activity in both assays. The free radical scavenging results appeared to be correlated with the total phenol contents of the extracts.
The search for new natural products with antioxidant properties is a very active area of research, as either antioxidant supplements or antioxidant-containing foods may be useful in helping the human body to reduce oxidative damage. Free radicals (reactive oxygen species) are produced in normal and/or pathological cell metabolism [1a] . Reactive oxygen species, such as the superoxide anion radical (O 2 -•), hydrogen peroxide (H 2 O 2 ) and hydroxyl radical (•OH) have been implicated in the pathophysiology of various states, including ischemia reperfusion injury, hemorrhagic shock, atherosclerosis, heart failure, acute hypertension and cancer [1b] . Natural antioxidants are found in plants and different groups of microorganisms (bacteria, yeast, filamentous fungi), particularly in producers of phenolic substances. However, other compounds can also participate in antioxidant/free radical scavenging activity.
Mushrooms of the order Boletales possess different biological activities, such as antioxidant and free-radical scavenging [1a] , antimicrobial [1c] , antitumor/cytotoxic [1d], immunomodulatory [1e], and thrombin inhibition/inhibition of aggregation of human platelets [1f] . The study reported here deals with the radical scavenging activity of mushrooms of the order Boletales. We tested ethanol extracts of 45 species belonging to the families Boletaceae, Boletinellaceae, Coniophoraceae, Gomphidiaceae, Gyroporaceae, Hygrophoropsidaceae, Paxillaceae, Sclerodermataceae, and Suillaceae in the search for species active against both the DPPH and hydroxyl radicals. Only species with an EC 50 value lower than 1 mg/mL in the DPPH radical scavenging test were examined for hydroxyl radical scavenging activity. The total phenolic contents of all the investigated species were also determined.
The DPPH test is a commonly employed assay in antioxidant studies of specific compounds and extracts across a short time scale. Unlike laboratorygenerated free radicals, such as the hydroxyl radical and superoxide anion, DPPH has the advantage of being unaffected by certain side reactions, such as metal-ion chelation and enzyme inhibition, brought about by various additives. The scavenging activity values obtained in the DPPH test for crude ethanolic extracts of the mushroom species were compared with commonly used antioxidants NPC Natural Product Communications The results showed that the isolated compounds exhibited strong antioxidant activity when incorporated in emulsions. S. bovinus did not show any DPPH radical scavenging activity in our study and thus was not included in the OH radical assay.
Another study [1c] reported that Boletus radicans showed antioxidant activity in a DPPH radical assay with β-carotene. However, in this paper explicit values were not given and so we cannot compare their results with ours. In our study, B. radicans showed a relatively high DPPH radical scavenging activity, but low activity against the OH radical.
The scavenging activities of the mushroom extracts were compared with those of the commonly used antioxidants Trolox, ascorbic acid, caffeic acid and rutin; their EC 50 values are given in table1.
Comparison of the results for these antioxidants with the mushroom extracts shows that most of the mushroom extracts exhibited low radical scavenging activity in both assays.
Experimental
Chemicals and reagents: DPPH (2,2'-diphenyl-1picrylhydrazyl radical), potassium hexacyanoferrate, hydrogen peroxide, luminol for chemiluminescence, Folin-Ciocalteau reagent (FC), Trolox, ascorbic acid, rutin and caffeic acid were obtained from Sigma-Aldrich, Germany. Gallic acid was obtained from Roth, Germany.
Preparation of mushroom extracts:
Fruiting bodies of the mushroom species were collected between 2001-2005 in forests of the Czech Republic and identified by Věra Samková, East Bohemian Museum, Hradec Králové. Voucher samples of the mushrooms are deposited in the Herbarium of the Museum of East Bohemia in Hradec Králové (HK). The mushrooms were cleaned, frozen in liquid nitrogen and kept in a freezer at -23°C. Before extraction, the fruiting bodies were cut into small pieces and disintegrated in 70% ethanol with a hand blender. The mixtures were then sonicated for 30 minutes in an ultrasonic bath. The filtrates were evaporated and lyophilised. Powdered extracts were kept at -23°C until tested.
Total phenolics content:
The total content of phenolic compounds in the ethanolic extracts of the mushroom species was determined using a slightly modified Folin-Ciocalteu method [3a] ; results were expressed as gallic acid equivalents. For the preparation of a calibration curve, 0.125 mL aliquots of 0.025 -0.25 mg/mL ethanolic gallic acid solutions were mixed with 0.625 mL FC reagent (diluted 10fold) and 0.5 mL of 7.5% sodium carbonate. The absorption was read after 30 mins at room temperature at 765 nm (Shimadzu UV-1601 spectrophotometer, UV Probe software). A 0.125 mL volume of ethanolic mushroom extract (1 mg/mL in 50% v/v ethanol) was mixed with the same reagents given above and measured after 30 mins at room temperature at 765 nm. All determinations were performed in triplicate. The total content of phenolics was obtained from the calibration curve with the use of UV Probe software and expressed as gallic acid equivalents per mg of the extract (μgGAE/mg).
Free-radical scavenging activity tests
1. DPPH free-radical scavenging assay: Radical scavenging activity of crude extracts of mushrooms was evaluated by means of the DPPH (2,2'-diphenyl-1-picrylhydrazyl radical) test using an SIA (PCcontrolled Sequential Injection Analysis system) method developed in our laboratory [3b] . The stock solution of each extract was prepared by dissolving 4 mg of the extract in 4 mL of aqueous 50% v/v ethanol during 10 min of sonication; the same solvent was used for appropriate dilution of the extract stock solution (1, 0.5, 0.25, 0.01 mg/mL). DPPH solution (0.1 mM) was prepared by dissolving 3.9 mg DPPH in 100 mL 50% v/v ethanol. All solvents used in the extract samples, DPPH reagent and SIA carrier stream (50% v/v ethanol) were degassed by 10 min of sonication. The automated method is based on the known reaction of stable DPPH with antioxidants resulting in bleaching of DPPH due to its "quenching" by interaction with the analytes. The decrease of the absorbance of DPPH measured at 525 nm is related to the concentration of an antioxidant in the tested solution. The percentage of inhibition of DPPH was estimated by using the formula: % Q = (1 -A x /A 0 ) x 100, where A 0 is the height of the peak of the blank sample (carrier stream instead of tested sample) and A x is the height of the peak after the extract was added. All measurements were made in triplicate. The DPPH radical scavenging activity of samples was expressed as EC 50 (mg/mL), which is the amount of sample necessary to decrease by 50% the light absorbance. This value was evaluated by GraphPad Prism 3.02 statistical software.
2.
Hydrogen peroxide-induced luminol chemiluminescense assay: Mushroom extracts with an EC 50 value that was lower than 1 mg/mL were examined for hydroxyl radical scavenging activity according to the modified method established by Cheng, Yan and Chang [3c]. The Fe (II)-H 2 O 2luminol chemiluminescence signal was obtained by a Hamamatsu detector H 5784-01 (Hamamatsu Photonics K.K., Japan). The highest chemiluminescence intensity of the reaction (in blank sample) is decreased by hydroxyl radical scavenging substances. The reaction mixture was composed of 10 mM K 3 [Fe(CN) 6 ], 2x10 -4 M H 2 O 2 and 1mM luminol in 0.1 M NaH 2 PO 4 buffer (pH 11.5). Ultrapure deionized water was used as the carrier stream. The intensity of luminescence was measured at 555 mV. The dynamic curves were recorded 1 min after initiation of the reaction. The area under the curve was recorded in the absence (carrier stream instead of tested samples) or presence of tested samples. The stock solution of each extract was prepared by dissolving 4 mg of the extract in 4 mL of aqueous 38% v/v ethanol during 10 min of sonication; the same solvent was used for appropriate dilution of the extract stock solutions (1, 0.5, 0.25, 0.01 mg/mL). The percentage of inhibition of chemiluminescence was estimated from the following formula: % Q = (1 -S x /S 0 ) x 100, where S 0 is the area under the curve of the blank sample (carrier stream instead of tested sample) and S x is the area under the curve after the extract was added. All measurements were made in quadruplicate. The hydroxyl radical scavenging activity of samples was expressed as EC 50 (mg/mL) (GraphPad Prism 3.02 statistical software), which is the amount of sample necessary to decrease by 50% the chemiluminescence intensity.
